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INTEGRATED CIRCUIT FOR
COMMUNICATION RESOURCE
ALLOCATION

This 1s a continuation of application Ser. No. 13/357,430
filed Jan. 24, 2012 (Now U.S. Pat. No. 8,385,287), which 1s a
continuation of application Ser. No. 13/081,727 filed Apr. 7,
2011 (Now U.S. Pat. No. 8,249,013), which 1s a continuation
of application Ser.No. 12/298,707 filed Oct. 27, 2008 (Now
U.S. Pat. No. 8,077,667), which 1s a national stage of PCT/
TP2007/059089 filed Apr. 26, 2007, which 1s based on Japa-
nese Application No. 2006-126454 filed Apr. 28, 2006, the
entire contents of each which are incorporated by reference
herein.

TECHNICAL FIELD

The present invention relates to a radio communication
base station apparatus and radio communication method used
for multicarrier communication.

BACKGROUND ART

Recently, in radio communication, and mobile communi-
cation in particular, various kinds of information such as
image and data in addition to speech are targeted for trans-
mission. Demands for higher speed transmission are expected
to further increase 1n the future, and radio transmission tech-
niques that efficiently use limited frequency resources and
realize high transmission etficiency are in demand to perform
high speed transmission.

One radio transmission technique that responds to these
demands 1s OFDM (Orthogonal Frequency Division Multi-
plexing). OFDM 1s a multicarrier transmission technique of
transmitting data in parallel using many subcarriers, has fea-
tures such as high-frequency elliciency and reduced inter-
symbol interference 1 a multipath environment, and 1s
known to be effective in improving transmission efficiency.

Studies are underway to perform frequency scheduling
when this OFDM 1s used 1n a downlink and data for a plurality
of radio communication mobile station apparatuses (herein-
alter simply “mobile stations™) 1s assigned to a plurality of
subcarriers (e.g., see Non-Patent Document 1). According to
frequency scheduling, a radio communication base station
apparatus (hereinafter simply “base station”) adaptively
assigns subcarriers to mobile stations based on recerved
qualities of frequency bands of the mobile stations, so that 1t
1s possible to obtain a maximum multi-user diversity etlect
and perform communication quite eificiently.

Frequency scheduling 1s generally performed in units of
resource blocks (RB’s) acquired by making sets of several
subcarriers ito blocks. Furthermore, there are two assign-
ment methods in frequency scheduling, namely, localized
assignment, which 1s assignment in units of a plurality of
consecutive subcarriers, and distributed assignment, 1n which
assignment 1s performed for a plurality of distributed 1ncon-
secutive subcarriers.

Furthermore, the assignment result of frequency schedul-
ing performed 1n a base station 1s reported to mobile stations
using a shared control channel (SCCH). Further, studies are
underway to report an assignment result of the frequency

bandwidth of 5 MHz with one SCCH (e.g., see Non-Patent
Document 2).

Non-Patent Document 1: R1-050604 “Downlink Channel-
ization and Multiplexing for EUTRA”, 3GPP TSG-RAN
WG1 Ad Hoce on LTE, Sophia Antipolis, France, 20-21 Jun.
2005
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Non-Patent Document 2: R1-060032, “LL1/.2 Control
Channel Structure for E-UTRA Downlink”, NTT DoCoMo,
3GPP TSG-RAN WG1 LTE Ad Hoc Meeting contribution,
2006/01

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

Here, to improve the frequency diversity effect in distrib-
uted assignment, widening the frequency bandwidth targeted
for distributed assignment, that 1s, increasing the number of
subcarriers for which distributed assignment 1s performed, 1s
possible. However, an increase of the number of subcarriers
for which distributed assignment 1s performed causes an
increase of the number of assignment patterns, and, accord-
ingly, more signaling bits are needed to report the assignment
results. This results 1n an 1ncrease of the overhead for report-
ing assignment results using SCCH’s. As described above, 1n
frequency scheduling, there 1s a relationship of trade-off
between a frequency diversity effect and overhead for report-
ing assignment results.

It 1s therefore an object of the present invention, according,
to one aspect, to provide a base station and a radio commu-
nication method for obtaining a sufficient frequency diversity
elfect in frequency scheduling while reducing an increase of
the overhead for reporting assignment results.

Means for Solving the Problem

The base station of the present invention used 1n a radio
communication system in which a plurality of subcarriers
forming a multicarrier signal are divided into a plurality of
resource blocks, employs a configuration having: a schedul-
ing section that equally assigns data for a radio communica-
tion mobile station apparatus to partial resource blocks
equally extracted from the plurality of resource blocks; a
generating section that generates control information to
report an assignment result in the scheduling section to the
radio communication mobile station apparatus; and a trans-
mitting section that transmits the control information to the
radio communication mobile station apparatus.

Advantageous Ellect of the Invention

According to the present invention, 1t 1s possible to obtain
a suificient frequency diversity effect in frequency scheduling
while reducing an increase of the overhead for reporting
assignment results.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11sablock diagram showing a configuration of a base
station according to an embodiment of the present invention;

FIG. 21s aformat example of SCCH information according,
to an embodiment of the present invention;

FIG. 3 1s a multiplexing example according to an embodi-
ment of the present invention;

FIG. 4 1s a block diagram showing a configuration of a
mobile station according to an embodiment of the present
imnvention;

FIG. 5 1s a PRB extraction example (distributed assign-
ment example 1) according to an embodiment of the present
invention;

FIG. 6 1s a VRB setting example (distributed assignment
example 1) according to an embodiment of the present inven-
tion;
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FIG. 7 1s a signaling bit example according to an embodi-
ment of the present invention;

FIG. 8 1s a PRB extraction example (distributed assign-
ment example 2) according to an embodiment of the present
invention;

FIG. 9 1s a VRB setting example (distributed assignment
example 2) according to an embodiment of the present imnven-
tion;

FIG. 10 1s a PRB extraction example (distributed assign-
ment example 3) according to an embodiment of the present
imnvention;

FIG. 11 1s a VRB setting example (distributed assignment
example 3) according to an embodiment of the present inven-
tion;

FIG. 12 1s a PRB extraction example (distributed assign-
ment example 4) according to an embodiment of the present
invention;

FIG. 13 1s a VRB setting example (distributed assignment
example 4) according to an embodiment of the present mnven-
tion;

FIG. 14 1s a PRB extraction example (distributed assign-
ment example 5) according to an embodiment of the present
invention;

FIG. 15 1s a VRB setting example (distributed assignment
example 5) according to an embodiment of the present inven-
tion;

FIG. 16 1s a VRB setting example (distributed assignment
example 6) according to an embodiment of the present mnven-
tion; and

FI1G. 17 1s a frequency scheduling example according to an
embodiment of the present invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L]

Now, an embodiment of the present mvention will be
described below 1n detail with reference to the accompanying
drawings.

FI1G. 1 shows the configuration of base station 100 accord-
ing to the present embodiment. Base station 100 1s a base
station used 1n a radio communication system where a plu-
rality of subcarriers forming an OFDM symbol which 1s a
multicarrier signal are divided into a plurality of RB’s, and
performs frequency scheduling using the plurality of RB’s.

Base station 100 1s configured with encoding sections
101-1 to 101-» and modulating sections 102-1 to 102-z 1n
association with n mobile stations (MS’s) with which base
station 100 can communicate.

Encoding sections 101-1 to 101-z perform encoding pro-
cessing on data #1 to #n for mobile stations #1 to #n and
modulating sections 102-1 to 102-7 perform modulation pro-
cessing on the encoded data to generate data symbols.

Scheduler 103 performs frequency scheduling based on
channel quality indicators (CQI’s) from mobile stations,
assigns data for mobile stations to RB’s and outputs the data
to multiplexing section 104. Examples of a CQI-based sched-
uling method include the Max CIR method and the propor-
tional-fairness method. Furthermore, scheduler 103 outputs
the assignment results (1indicating the data symbols for which
mobile stations are assigned to which RB’s and subcarriers)
to SCCH generating section 105.

SCCH generating section 105 generates control informa-
tion (SCCH information) to report the assignment results in
scheduler 103 to mobile stations according to the format
shown 1n FIG. 2. In the format shown 1n FIG. 2, the ID of the
mobile station to which a data symbol 1s transmitted 1s set in
“mobile station ID,” information indicating localized assign-
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ment or distributed assignment (e.g., “0” in the case of local-
1zed assignment, “1”” 1n the case of distributed assignment) 1s
set 1n “assignment type” and information of a virtual resource
block (VRB) assigned to the mobile station 1s set 1n “assign-
ment VRB.”

Encoding section 106 performs encoding processing on the
SCCH 1information, and modulating section 107 performs
modulation processing on the encoded SCCH information
and outputs the resulting SCCH information to multiplexing
section 104.

Multiplexing section 104 multiplexes the data symbols
inputted from scheduler 103, SCCH information and pilots,
and outputs the results to IFFT (Inverse Fast Fourier Trans-
form) section 108. Here, the multiplexing of SCCH 1nforma-
tion and pilots 1s performed on a per subirame basis as shown
in, for example, FIG. 3. FIG. 3 shows a case where one
subirame 1s comprised of seven OFDM symbols, and, 1n this
case, pilots and SCCH information are mapped to the first and
second OFDM symbols and data 1s mapped to the third to
seventh OFDM symbols.

IFFT section 108 performs an IFFT for a plurality of sub-
carriers to which SCCH information, pilots and data, symbols
are assigned, to generate an OFDM symbol which 1s a mul-
ticarrier signal.

CP (Cyclic Prefix) addition section 109 adds the same
signal as the rear end part of an OFDM symbol to the head of
the OFDM symbol as a CP.

Radio transmaitting section 110 performs transmission pro-
cessing such as D/A conversion, amplification and up-con-
version on the OFDM symbol with a CP and transmits the
OFDM symbol from antenna 111 to mobile stations.

Radio recerving section 112 recerves the CQI’s transmitted
from mobile stations through antenna 111 and performs
reception processing such as down-conversion and D/A con-
version. These CQI’s are received quality information
reported from the mobile stations. Further, each mobile sta-
tion can measure recerved quality on a per RB basis using the

recetved SNR, recetved SIR, received SINR, received CINR,

received power, interference power, bit error rate, throughput
and MCS whereby a predetermined error rate can be

achieved. Furthermore, the CQI may also be referred to as
“CSI” (Channel State Information).

Demodulating section 113 performs demodulation pro-
cessing on the CQI’s after the reception processing, and
decoding section 114 performs decoding processing on the

demodulated CQI’s and outputs the decoded CQI’s to sched-
uler 103.

Next, FIG. 4 shows the configuration of mobile station 200
according to the present embodiment.

In mobile station 200, radio recerving section 202 recerves
the OFDM symbol transmitted from base station 100 (FIG. 1)
through antenna 201, performs reception processing such as
down-conversion and D/A conversion and outputs the result-
ing OFDM symbol to CP removing section 203.

CP removing section 203 removes the CP added to the
OFDM symbol and outputs the resulting OFDM symbol to
FFT (Fast Fourier Transform) section 204.

FFT section 204 transforms the OFDM symbol into a fre-
quency domain signal by performing an FFT on the OFDM
symbol, and outputs the SCCH information and the data
symbols of the signal to equalization section 205 and outputs
the pilots to channel estimation section 206.

Channel estimation section 206 estimates the channel
response on a per subcarrier basis using pilots, outputs the
estimation result to equalization section 203, and also mea-
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sures the recerved quality of each RB using the pilots and
outputs the measurement result to CQI generating section

213.

Equalization section 205 compensates the channel fluctua-
tion of SCCH information and data symbols based on the
estimation result of the channel response and outputs the
compensated SCCH information and data symbols to demul-
tiplexing section 207.

Demultiplexing section 207 demultiplexes the SCCH
information from the data symbol and outputs the SCCH
information to demodulating section 209.

Demodulating section 209 performs demodulation pro-
cessing on the SCCH information, and decoding section 210
performs decoding processing on the demodulated SCCH
information and outputs the decoded SCCH information to
demultiplexing section 207. Here, SCCH processing section
208 15 configured with demodulating section 209 and decod-
ing section 210.

Further, demultiplexing section 207 extracts only a data
symbol directed to mobile station 200 from the data symbols
inputted from equalization section 205 according to the
decoded SCCH information, and outputs the extracted data
symbol to demodulating section 211.

Demodulating section 211 demodulates the data symbol
inputted from demultiplexing section 207 and outputs the
demodulated data symbol to decoding section 212.

Decoding section 212 decodes the demodulated data sym-
bol. By this means, received data 1s obtained.

CQI generating section 213 generates a CQI indicating the
received quality of each RB measured by channel estimation
section 206, and outputs the CQI to encoding section 214.

Encoding section 214 performs encoding processing on the
CQI, and modulating section 215 performs modulation pro-
cessing on the encoded CQI and outputs the modulated CQI
to radio transmitting section 216.

Radio transmitting section 216 performs transmission pro-
cessing such as D/A conversion, amplification and up-con-
version on the modulated CQI and transmuts the resulting CQI
from antenna 201 to base station 100.

Next, a distributed assignment example of frequency
scheduling performed in scheduler 103 of base station 100
will be explained 1n further detail. In the following explana-
tion, assume that an OFDM symbol having a frequency band-
width of 10 MHz 1s comprised of 96 subcarriers and assume
a rad1o communication system 1n which the 96 subcarriers are
divided 1nto 24 physical resource blocks (PRB’s) each con-
taining four subcarriers.

Distributed Assignment Example 1

In this example, data directed to a mobile station 1s equally
assigned to partial PRB’s equally extracted from PRB’s 1 to
24.

In this example, as shown 1n FIG. 5, only the even-num-
bered PRB’s are extracted from PRB’s 1 to 24 having a
frequency bandwidth of 10 MHz, and a subband for distrib-
uted assignment having a frequency bandwidth of 5 MHz 1s
formed and set 1n scheduler 103. By extracting only the even-
numbered PRB’s, it 1s possible to form a subband for distrib-
uted assignment comprised of partial PRB’s equally
extracted from PRB’s 1 to 24. Further, it 1s also possible to
form a similar subband for distributed assignment by extract-
ing only the odd-numbered PRB’s.

The plurality of PRB’s forming a subband for distributed
assignment are divided into VRB’s 1 to 12 as shown 1n FIG.
6. For example, VRB 1 1s comprised of the first subcarriers 1n

PRB’s 2, 8, 14 and 20, VRB 2 1s comprised of the second
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subcarriers in PRB’s 2, 8, 14 and 20, VRB 3 1s comprised of
the third subcarriers in PRB’s 2. 8, 14 and 20, and VRB 4 1s

comprised of the fourth subcarriers in PRB’s 2, 8, 14 and 20.
Furthermore, VRB 5 1s comprised of the first subcarriers 1n
PRB’s 4, 10, 16 and 22, VRB 6 1s comprised of the second
subcarriers in PRB’s 4,10, 16 and 22, VRB 7 1s comprised of
the third subcarriers in PRB’s 4, 10, 16 and 22, and VRB 8 i1s
comprised of the fourth subcarriers in PRB’s 4,10, 16 and 22.
The same applies to VRB’s 9 to 12.

Scheduler 103 assigns one of VRB’s 1 to 12 to one mobile
station by frequency scheduling and assigns data for the
mobile station to a plurality of PRB’s supporting the assigned
VRB. For example, when scheduler 103 assigns VRB 1 to a
certain mobile station, scheduler 103 assigns the data for the
mobile station to the first subcarriers of PRB’s 2, 8, 14 and 20.
By such assignment, 1t 1s possible to equally assign data for a
mobile station to a plurality of PRB’s forming a subband for
distributed assignment. Furthermore, scheduler 103 outputs
the assignment result to SCCH generating section 105.

SCCH generating section 105 sets signaling bits associated
with the VRB’s assigned by scheduler 103 in “assignment
VRB” 1n FIG. 2, according to the table shown in FIG. 7. For
example, when VRB 1 is assigned to a certain mobile station,
SCCH generating section 105 sets “0001” 1n “assignment
VRB.” Furthermore, 1n this case, SCCH generating section
105 sets “distributed assignment™ 1n “assignment type.”

Here, when VRB’s are set forall PRB’s 1 to 24 as described
above, 24 VRB’s (VRB’s 1 to 24) are needed. In this case, the
signaling bits shown in FIG. 7 are required for five bits. On the
other hand, in the present example, VRB’s are set for 1
PRB’s extracted from PRB’s 1 to 24. Therefore, according to
the present example, as shown in FIG. 7, the signaling bits are
required for only four bits. Thus, 1n the present example, 1t 1s
possible to reduce an increase of the number of signaling bits
by one bit 1n assignment for amobile station. Therefore, 1n the
entire assignment result report, 1t 1s possible to reduce an
increase of the number of signaling bits by the number of bits
corresponding to the number of mobile stations to which data
1s assigned.

In the present example, distributed assignment 1s per-
formed for a subband comprised of partial PRB’s which are
equally extracted from PRB’s 1 to 24 having a frequency
bandwidth of 10 MHz, so that 1t 1s possible to obtain the
similar frequency diversity effect as in the case where distrib-
uted assignment 1s performed for all of PRB’s 1 to 24.

That 1s, according to the present example, even when the
frequency bandwidth targeted for distributed assignment 1s
widened from 5 MHz to 10 MHz to improve the frequency
diversity effect in distributed assignment, 1t 1s possible to
obtain a sufficient frequency diversity effect in frequency
scheduling while reducing an increase of the overhead for
reporting assignment results.

Distributed Assignment Example 2

Only the differences between distributed assignment
example 2 and distributed assignment example 1 will be
explained below.

As shown 1n FIG. 8, 1n the present example, PRB’s 1 to 24
having a frequency bandwidth o1 10 MHz are divided into two
PRB groups each having a frequency bandwidth of 5 MHz.
That1s, PRB group 1 i1s comprised of PRB’s 1 to 12 and PRB
group 2 1s comprised of PRB’s 13 to 24.

As shown 1n FIG. 8, imn the present example, only the
even-numbered PRB’s are extracted from PRB group 1 and
only the odd-numbered PRB’s are extracted from PRB group
2, and a subband for distributed assignment having a fre-
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quency bandwidth of 5 MHz 1s formed and set in scheduler
103. Even by such extraction method, 1t 1s possible to form a
subband for distributed assignment using partial PRB’s
equally extracted from PRB’s 1 to 24. Further, 1t 1s equally
possible to form a similar subband for distributed assignment
by extracting only the odd-numbered PRB’s from PRB group
1 and extracting only the even-numbered PRB’s from PRB
group 2.

A plurality of PRB’s forming a subband for distributed
assignment are divided into VRB’s 1 to 12 as shown 1n FIG.
9. For example, VRB 1 1s comprised of the first subcarriers 1n

PRB’s 2, 8, 13 and 19, VRB 2 1s comprised of the second
subcarriers in PRB’s 2, 8, 13 and 19, VRB 3 1s comprised of
the third subcarriers in PRB’s 2, 8, 13 and 19, and VRB 4 1s
comprised of the fourth subcarriers in PRB’s 2, 8,13 and 19.

Furthermore, VRB 5 1s comprised of the first subcarriers 1n
PRB’s 4, 10, 15 and 21, VRB 6 1s comprised of the second

subcarriers in PRB’s 4, 10, 15 and 21, VRB 7 1s comprised of
the third subcarriers in PRB’s 4, 10, 15 and 21, and VRB 8 1s
comprised of the fourth subcarriers in PRB’s 4, 10,15 and 21.
The same applies to VRB’s 9 to 12.

Thus, according to the present example, the effects similar
to those 1n distributed assignment example 1 can be obtained.

Distributed Assignment Example 3
In the present example, as shown i FIG. 10, by further
dividing PRB groups 1 and 2 in distributed assignment

example 2 into two PRB groups each having a frequency
bandwidth of 2.5 MHz, PRB’s 1 to 24 having a frequency
bandwidth of 10 MHz are divided into four PRB groups each

having a frequency bandwidth of 2.5 MHz. That 1s, 1n the
present example, four PRB groups are formed including PRB

group 1-1 comprised of PRB’s 1 to 6, PRB group 1-2 com-
prised of PRB’s 7 to 12, PRB group 2-1 comprised of PRB’s
13 to 18 and PRB group 2-2 comprised of PRB’s 19 to 24.

Further, 1n the present example, one of PRB groups 1-1 and
1-2 1s extracted from PRB group 1 and one of PRB groups 2-1
and 2-2 1s extracted from PRB group 2, and a subband for

distributed assignment having a frequency bandwidth of 5

MHz 1s formed and set in scheduler 103. FIG. 10 shows a case
where PRB group 1-1 1s extracted from PRB group 1 and PRB
group 2-1 1s extracted from PRB group 2. Here, when PRB
group 1-1 1s extracted from PRB group 1, any of PRB groups
2-1 and 2-2 can be extracted from PRB group 2. However,
when PRB group 1-2 1s extracted from PRB group 1, PRB
group 2-2 1s extracted from PRB group 2 so as not to reduce
the frequency diversity effect.

A plurality of PRB’s forming a subband for distributed
assignment are divided into VRB’s 1 to 12 as shown 1n FIG.

11. For example, VRB 1 1s comprised of the first subcarriers
in PRB’s 1, 4, 13 and 16, VRB 2 1s comprised of the second

subcarriers in PRB’s 1,4, 13 and 16, VRB 3 1s comprised of
the third subcarriers in PRB’s 1, 4, 13 and 16, and VRB 4 1s
comprised of the fourth subcarriers in PRB’s 1, 4,13 and 16.
Furthermore, VRB 5 1s comprised of the first subcarrers 1n
PRB’s 2, 5, 14 and 17, VRB 6 1s comprised of the second
subcarriers in PRB’s 2,5, 14 and 17, VRB 7 1s comprised of
the third subcarriers in PRB’s 2, 5, 14 and 17, and VRB 8 1s
comprised of the fourth subcarriers in PRB’s 2, 5, 14 and 17.
The same applies to VRB’s 9 to 12.

In this way, according to the present example, a subband
tor distributed assignment 1s formed 1n units of PRB groups
comprised of a plurality of consecutive subcarriers, and con-
secutive PRB groups are not extracted, so that 1t 1s possible to
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casily perform localized assignment and distributed assign-
ment at the same time while suppressing a reduced frequency
diversity elfect.

Distributed Assignment Example 4

In the present example, as shown in FIG. 12, by further
dividing PRB groups 1 and 2 in distributed assignment
example 2 into four PRB groups each having a frequency
bandwidth of 1.25 MHz, PRB’s 1 to 24 having a frequency
bandwidth of 10 MHz are divided into eight PRB groups each
having a frequency bandwidth of 1.25 MHz. That 1s, in the
present example, the formed PRB groups are PRB group 1-1
comprised of PRB’s 1 to 3, PRB group 1-2 comprised of

PRB’s 4 to 6, PRB group 1-3 comprised of PRB’s 7t0 9, PRB
group 1-4 13 comprised of PRB’s 10 to 12, PRB group 2-1
comprised of PRB’s 13 to 15, PRB group 2-2 comprised of
PRB’s 16 to 18, PRB group 2-3 comprised of PRBs 19 to 21,
and PRB group 2-4 comprised of PRB’s 22 to 24.

Further, in the present example, two PRB groups are
extracted from PRB groups 1-1 to 1-4 of PRB group 1 and two
PRB groups are extracted from PRB groups 2-1 to 2-4 of PRB
group 2, and a subband for distributed assignment having a
frequency bandwidth of 5 MHz 1s formed and set 1n scheduler
103. In this case, a subband for distributed assignment 1s
formed with a combination other than combinations of PRB
groups 1-3, 1-4, 2-1 and 2-2 so as not to reduce the frequency
diversity effect. FIG. 12 shows a case where PRB groups 1-1
and 1-3 of PRB group 1 are extracted and PRB groups 2-2 and
2-4 of PRB group 2 are extracted.

A plurality of PRBs forming a subband for distributed
assignment are divided into VRB’s 1 to 12 as shown 1n FIG.
13. For example, VRB 1 1s comprised of the first subcarriers

in PRB’s 1, 7,16 and 22, VRB 2 1s comprised of the second
subcarriers n PRB’s 1, 7, 16 and 22, VRB 3 1s comprised of
the third subcarriers in PRB’s 1, 7, 16 and 22 and VRB 4 1s
comprised of the fourth subcarriers in PRB’s 1, 7, 16 and 22.
Furthermore, VRB 5 1s comprised of the first subcarriers 1n
PRB’s 2, 8, 17 and 23, VRB 6 1s comprised of the second
subcarriers in PRB’s 2, 8, 17 and 23, VRB 7 1s comprised of
the third subcarriers in PRB’s 2, 8, 17 and 23 and VRB 8 1s
comprised of the fourth subcarriers in PRB’s 2, 8, 17 and 23.
The same applies to VRB’s 9 to 12.

In this way, according to the present example, the effects
similar to those in distributed assignment example 3 can be
obtained and a subband for distributed assignment can be
tformed with various combinations of PRB groups.

Distributed Assignment Example 5

In the present example, as shown 1n FIG. 14, PRB groups 1
and 2 are further divided 1nto four PRB groups each having a
frequency bandwidth of 1.25 MHz 1n the same way as dis-
tributed assignment example 4.

In the present example, one PRB group 1s extracted from
PRB groups 1-1 to 1-4 of PRB group 1 and three PRB groups
are extracted from PRB groups 2-1 to 2-4 of PRB group 2, and
a subband for distributed assignment having a frequency
bandwidth of 5 MHz 1s formed and set in scheduler 103. In
this case, a subband for distributed assignment 1s formed with
a combination other than combinations of PRB groups 1-4,

2-1, 2-2, 2-3 so as not to reduce the frequency diversity effect.
FIG. 14 shows a case where PRB group 1-1 of PRB group 1

1s extracted and PRB groups 2-1, 2-2 and 2-4 of PRB group 2
are extracted.
Further, 1t 1s also possible to extract three PRB groups from

PRB groups 1-1 to 1-4 of PRB group 1 and extract one PRB
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group from PRB groups 2-1 to 2-4 of PRB group 2. However,
a subband for distributed assignment 1s formed with a com-

bination other than combinations of PRB groups 1-2,1-3,1-4,
2-1 so as not to reduce the frequency diversity effect.

A plurality of PRB’s forming a subband for distributed
assignment are divided into VRB’s 1 to 12 as shown 1n FIG.
15. For example, VRB 1 1s comprised of the first subcarriers
in PRB’s 1,13, 16 and 22, VRB 2 1s comprised of the second
subcarriers in PRB’s 1,13, 16 and 22, VRB 3 1s comprised of
the third subcarriers in PRB’s 1,13, 16 and 22, and VRB 4 1s
comprised of the fourth subcarriers in PRB’s 1, 13,16 and 22.
Furthermore, VRB 5 1s comprised of the first subcarriers 1n
PRB’s 2, 14, 17 and 23, VRB 6 1s comprised of the second
subcarriers in PRB’s 2, 14, 17 and 23, VRB 7 1s comprised of
the third subcarriers in PRB’s 2, 14, 17 and 23, and VRB 8 1s
comprised of the fourth subcarriers in PRB’s 2, 14,17 and 23.
The same applies to VRB’s 9 to 12.

In this way, according to the present example, the effects
similar to those of distributed assignment example 4 can be
obtained.

Distributed Assignment Example 6

In the present example, only the even-numbered PRB’s are
extracted from PRB’s 1 to 24 to form subband 1 for distrib-
uted assignment having a frequency bandwidth of 5 MHz
(FIG. 6) and only the odd-numbered PRB’s are extracted
from PRB’s 1 to 24 to form subband 2 for distributed assign-
ment having a frequency bandwidth of 5 MHz (FIG. 16), and
these subbands are set in scheduler 103. Further, SCCH’s 1
and 2 are set 1n association with subbands 1 and 2, respec-
tively. That 1s, while one SCCH of 5 MHz 1s used in distrib-
uted assignment examples 1 to 5, two SCCH’s of 5 MHz are
used 1n the present example, the assignment result of subband
1 for distributed assignment 1s reported using SCCH 1, and
the assignment result of subband 2 for distributed assignment
1s reported using SCCH 2.

A plurality of PRB’s forming subband 1 for distributed
assignment are divided into VRB’s 1 to 12 as shown 1n FIG.
6. Likewise, a plurality of PRB’s forming subband 2 for
distributed assignment are divided mto VRB’s 1 to 12 as
shown 1n FIG. 16.

Scheduler 103 assigns one of VRB’s 1 to 12 of subband 1
or 2 for distributed assignment, to one mobile station by
frequency scheduling, and assigns data for the mobile station
to a plurality of PRB’s supporting the assigned VRB. For
example, when scheduler 103 assigns VRB 1 of subband 1 for
distributed assignment to a certain mobile station, scheduler
103 assigns data for the mobile station to first subcarriers of
PRB’s 2, 8, 14 and 20. Furthermore, for example, when
scheduler 103 assigns VRB 1 of subband 2 for distributed
assignment, to a certain mobile station, scheduler 103 assigns
data for the mobile station to first subcarriers of PRB’s1,7,13
and 19. Scheduler 103 then outputs the assignment result to
SCCH generating section 105.

As described above, SCCH generating section 105 sets
signaling bits 1n association with VRB’s assigned by sched-
uler 103, 1n “assignment VRB” 1n FIG. 2. For example, when
VRB 1 of subband 1 for distributed assignment is assigned to
a certain mobile station, SCCH generating section 105 gen-
erates SCCH 1 1n which “0001” 1s set 1n “assignment VRB.”
Furthermore, for example, when VRB 1 of subband 2 is
assigned to a certain mobile station, SCCH generating section
105 generates SCCH 2 1n which “0001” 1s set 1n “assignment
VRB”

In this way, according to the present example, two sub-
bands for distributed assignment each having a frequency
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bandwidth of 5 MHz are formed and assignment results are
reported using two SCCH’s associated with these two sub-
bands for distributed assignment, so that it 1s possible to target
all PRB’s 1 to 24 having a frequency bandwidth of 10 MHz
for distributed assignment while making signaling bits of
“VRB assignment” the same as in distributed assignment
examples 1 to 5.

Although a case has been described with the present
example where SCCH’s 1 and 2 set 1n different frequency
bands are associated with subbands 1 and 2, respectively,
such that subbands 1 and 2 are 1dentified from SCCH’s 1 and
2,1t 1s also possible to add information to identity subbands 1
and 2, to the SCCH information shown in FIG. 2 to identity
subbands 1 and 2.

Distributed assignment examples 1 to 6 have been
explained above.

Next, frequency scheduling will be explained where both
distributed assignment and localized assignment are taken
into consideration. Here, assume that there are mobile station
A to which distributed assignment 1s applied and mobile
station B to which localized assignment 1s applied.

As shown 1n FIG. 17, for mobile station A, scheduler 103
performs distributed assignment for arbitrary VRB’s 1n FIG.
6 based on distributed assignment example 1. Here, assume
that a VDRB (Virtual Distributed Resource Block) assigned
to mobile station A 1s comprised of first subcarriers of PRB’s
2,8, 14 and 20.

On the other hand, for mobile station B, assume that PRB
group 1 (FI1G. 8) defined 1n distributed assignment example 2
1s a subband for localized assignment. Further, scheduler 103
performs localized assignment as shown 1 FIG. 17. Here,
assume that a VLRB (Virtual Localized Resource Block)
assigned to mobile station B 1s comprised of PRB’s 9, 10 and
11.

In this way, a subband for distributed assignment 1s formed
with PRB’s of 5 MHz equally extracted to obtain a suificient
frequency diversity efiect, while a subband for localized
assignment 1s formed with consecutive PRB’s of 5 MHz to
obtain a suificient frequency scheduling efiect. By this
means, 1t 1s possible to make the number of signaling bits 1n
the assignment result of distributed assignment the same as
the number of signaling bits in the assignment result of local-
1zed assignment. Furthermore, when both distributed assign-
ment and localized assignment are performed at the same
time 1n frequency scheduling, PRB’s subjected to the distrib-
uted assignment are not made to overlap with PRB’s sub-
jected to the localized assignment.

The current 3GPP LTE standardization studies the OFDM -
based mobile communication system i1n which a plurality of
mobile stations having mutually different frequency band-
widths can be used. More specifically, studies are underway
for the mobile communication system having a frequency
bandwidth of 20 MHz 1n which a plurality of mobile stations
having communication capacities of 10 MHz, 15 MHz and 20
MHz can be used. In such a mobile communication system, a
5> MHzx2 (10 MHz) bandwidth out of the 20 MHz bandwidth
1s assigned to a mobile station having a 10 MHz communi-

cation capacity (10 MHz mobile station), and a S MHzx3 (15

MHz) bandwidth out of the 20 MHz bandwidth 1s assigned to
a mobile station having a 15 MHz communication capacity
(15 MHz mobile station). Furthermore, a mobile station hav-
ing a 20 MHz communication capacity (20 MHz mobile
station) can use a 5 MHzx4 (entire 20 MHz) bandwidth.
Therefore, taking into consideration that the present inven-
tion 1s applied to such a mobile communication system, 1n the
present embodiment, the frequency bandwidth of a subband
for distributed assignment comprised of partial PRB’s 1s setto




US 9,019,920 B2

11

5 MHz. By this means, it 1s possible to perform the above
distributed assignment for a 10 MHz mobile station, 15 MHz
mobile station and 20 MHz mobile station.

An embodiment of the present invention has been
explained as above.

A mobile station may also be referred to as “UE,” a base
station apparatus as “Node B,” and a subcarrier as “tone.”
Furthermore, an RB may be referred to as “subchannel,”
“subcarrier block,” “subband” or “chunk.” Furthermore, a CP
may be referred to as “guard interval (GI).”

Furthermore, the assignment result of frequency schedul-
ing may be reported to a mobile station using a physical
downlink control channel (PDDCH) instead of an SCCH.

Furthermore, the definition of a subband for distributed
assignment may be set 1n both a base station and a mobile
station beforehand or may be reported from the base station to
the mobile station. This report may be performed using a
broadcast channel or the SCCH of each subirame.

Although an example has been described with the above
embodiment where PRB’s of 5 MHz are extracted from a
frequency bandwidth of 10 MHz, the present invention can
also be implemented in the same way as above even when
PRB’s of 10 MHz are extracted from a frequency bandwidth
of 20 MHz.

Furthermore, 1in the above embodiment, although VRB’s
are set by combining a plurality of resources obtained by
dividing one PRB into four portions, the number of divisions
of one PRB 1s not limited to four.

Furthermore, although an example case has been described
with the above embodiment where even-numbered PRB’s or
odd-numbered PRB’s are extracted, that i1s, where every sec-
ond PRB 1s extracted, every third or every fourth PRB may be
extracted.

Although a case has been described with the above
embodiments as an example where the present invention 1s
implemented with hardware, the present mvention can be
implemented with software.

Furthermore, each function block employed 1n the descrip-
tion of each of the aforementioned embodiments may typi-
cally be implemented as an LSI constituted by an integrated
circuit. These may be individual chips or partially or totally
contained on a single chip. “LSI” 1s adopted here but this may
also be referred to as “IC,” “system LSI,” “super LSI,” or
“ultra LSI” depending on differing extents of integration.

Further, the method of circuit integration 1s not limited to
L.SI’s, and implementation using dedicated circuitry or gen-
eral purpose processors 1s also possible. After LSI manufac-
ture, utilization of an FPGA (Field Programmable Gate
Array) or a reconfigurable processor where connections and
settings of circuit cells 1n an LSI can be reconfigured 1s also
possible.

Further, if integrated circuit technology comes out to
replace LSI’s as aresult of the advancement of semiconductor
technology or a derivative other technology, 1t 1s naturally
also possible to perform function block integration using this
technology. Application of biotechnology 1s also possible.

The disclosure of Japanese Patent Application No. 2006-
126454, filed on Apr. 28, 2006, including the specification,

drawings and abstract, 1s incorporated herein by reference 1n
its entirety.

INDUSTRIAL APPLICABILITY

The present mnvention 1s applicable to a mobile communi-
cation system or the like.

10

15

20

25

30

35

40

45

50

55

60

12

The invention claimed 1s:

1. An itegrated circuit comprising:

a scheduler configured to control allocating resource
blocks with a first allocation or a second allocation to a
mobile station, wherein resource blocks, each of which
1s comprised of a plurality of subcarriers that are con-

secuttve 1n the frequency domain, are divided into a
plurality of resource block groups (RBGs), each RBG
being comprised of a predetermined number of resource
blocks that are consecutive in the frequency domain; and

a radio transmission section configured to control transmit-

ting, to the mobile station, control information including
both allocation type information indicating which of the
first allocation and the second allocation 1s used for
resource block allocation and resource block assignment
information indicating the resource blocks allocated to
the mobile station,

wherein:

in the first allocation, the plurality of RBGs are divided into

a plurality of RBG subsets including a first RBG subset,
which 1s comprised of at least two RBGs out of the
plurality of RBGs, the at least two RBGs being 1incon-
secutive 1 the frequency domain, and a second RBG
subset, which 1s comprised of at least two other RBGs
out of the plurality of RBGs, the at least two other RBGs
being inconsecutive 1 the frequency domain, and the
resource blocks allocated to the mobile station are
resource blocks included 1n one RBG subset selected
from among the plurality of RBG subsets;

in the second allocation, the resource blocks are allocated

to the mobile station 1n units of resource blocks that are
consecutive 1n the frequency domain; and

the resource block assignment information has the same

number of bits regardless of which of the first allocation
and the second allocation 1s used for resource block
allocation.

2. The mtegrated circuit according to claim 1, wherein the
control mformation includes information indicating RBGs
including the resource blocks allocated to the mobile station.

3. The integrated circuit according to claim 1, wherein, 1n
the first allocation, the control information includes informa-
tion indicating the one RBG subset selected among the plu-
rality of RBG subsets.

4. The integrated circuit according to claim 1, wherein the
allocation type information 1s represented by 1 bat.

5. The integrated circuit according to claim 1, wherein each
of the plurality of RBGs 1s comprised of a same predeter-
mined number of resource blocks.

6. The integrated circuit according to claim 1, wherein the
predetermined number 1s variable.

7. The mntegrated circuit according to claim 1, wherein, 1n
the first allocation, the resource block included 1n each of all
of the at least two RBGs 1s allocated to the mobile station.

8. The integrated circuit according to claim 1, wherein, 1n
the first allocation, the plurality of RBGs are divided into the
plurality of RBG subsets such that the at least two RBGs, of
which the first RBG subset 1s comprised, and the at least two
RBGs, of which the second RBG subset 1s comprised, are
formed alternately 1n the frequency domain.

9. The mtegrated circuit according to claim 1, wherein, 1n
the second allocation, the resource blocks that are included 1in
at least one RBG of the plurality of RBGs and that are con-
secutive 1n the frequency domain are allocated to the mobile
station.
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